Increased photocurrent in tandem dye-sensitized solar cell by modifications in push-pull dye-design.
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Experimental Section
Analytical Measurements
Solar Cells
Conducting glass substrates were cut to size and then by cleaned in an ultrasonic bath for 15 minutes, first in soapy water, second in iso-propanol and finally in acetone. NiO precursor solution was prepared by dissolving anhydrous NiCl 2 (1 g) and the tri-block co-polymer F108
(poly (ethylene glycol)-block-poly (propylene glycol)-block-poly (ethylene glycol)) (1 g) in ethanol (6 g) and ultrapure Milli-Q water (5 g). [1] NiO electrodes were made by applying the precursor solution onto conducting glass substrates (Pilkington TEC15, sheet resistance 15 CompactStat potentiostat which was calibrated against a Si photodiode.
Synthesis
All reagents and anhydrous solvents were purchased from Sigma-Aldrich. P1 was prepared using a modified procedure first reported by Qin et al. [2] Diphenyliodonium triflate was prepared according to the procedure by Bielawski et al. [3] 2-phenyl-1H-pyrrole was prepared according to the procedure by Wen et al. [4] 1-hexyl-2,3,3-trimethyl-3H-indolium hexafluorophosphate was prepared according to the procedure by Tyler et al. [5] The hexafluorophosphate anion instead of the bromide was selected for ease of purification by size exclusion chromatography. 
4-[bis-(4-bromo-phenyl)-amino]-benzoic acid
2-phenyl-1H-pyrrole
N H
Diphenyliodonium triflate (527 mg, 1.225 x 10 -3 mol, 1 eqv.) and sodium hydroxide (73.5 mg, 1.838 x 10 -3 mol, 1.5 eqv.) were loaded into a Schlenk tube and purged with nitrogen. Pyrrole (2.5 mL) was added and the reaction mixture was heated at 80°C overnight. After cooling to room temperature, ethyl acetate was added (10 mL), the mixture was washed with water (3 x 5mL) and the organic phase dried using magnesium sulfate. The crude product was then purified by silica gel chromatography (using a 2:1 hexane/ethyl acetate eluent) to afford 121 mg of the product as a white solid in 69% yield. mol, 12 eqv.) was added via syringe and the reaction was stirred for another 10 minutes before adding boron trifluoride etherate (0.228 mL, 1.84 x 10 -3 mol, 20 eqv.) and stirring for four hours. The reaction mixture was washed with water (3 x 10 mL), dried using magnesium sulfate and evaporated under reduced pressure. The crude product was purified by silica gel chromatography (using a DCM:methanol gradient as the eluent) to afford the product as a purple solid which was recrystallised with a dichloromethane/pentane mixture to afford 22.5 mg of the product in 21% yield. 1138.32, found: 1138.88. 6 2,3,3-trimethyl-3H-indole (5 g, 31 x 10 -3 mol) and 1-bromohexane (6.2 g, 38 x 10 -3 mol) were dissolved in acetonitrile (30 mL) and refluxed under nitrogen for 12 h. The solvent was evaporated and the crude product was washed with diethyl ether three times. A portion of the crude product (1.46g, 3.65 x 10 -3 mol) and excess NaPF 6 (1.51 g, 8.9 x 10 -3 mol) were then dissolved in methanol (10 mL). The mixture was stirred for 3 hours. The solvent was then evaporated and the product was recrystallized from DCM:Pentane to give of a light purple solid(1.25 g, 2.34 x 10 -3 mol). 1 a) Absorption and emission spectra were measured in dichloromethane solution at room temperature; b) Absorption spectra of the dye adsorbed on a NiO film from a dichloromethane dye solution; c) E 0-0 was estimated from the intercept of the normalised absorption and emission spectra; d) the reduction potential of GS1 was measured in acetonitrile with 100 mM (Bu 4 NClO 4 ) supporting electrolyte (working electrode: glassy carbon; reference electrode: Ag + /Ag calibrated with Fe(Cp) 2 +/0 as an internal reference, counter electrode: Pt). The reduction potential measured in dichloromethane solution was -1.29 V vs. Fe(Cp) 2 +/0 e) the reduction potential of P1 and CAD3 were measured in dichloromethane with 100 mM (Bu 4 NClO 4 ) supporting electrolyte (working electrode: glassy carbon; reference electrode: Ag + /Ag calibrated with Fe(Cp) 2 +/0 as an internal reference, counter electrode: Pt). Table S1 : Summary of the optical and electrochemical properties of the dyes CAD3, GS1 and P1. Figure S12 . Comparison between the electronic transitions and their relative intensities calculated for GS1 using TDDFT (B3LYP/6-31G(d)) with the experimentally determined UV−visible absorption spectra (left) for GS1. Calculated electron distribution in the corresponding orbitals for GS1 in dichloromethane using the polarisable continuum model (PCM) solvation model (right). The isodensity plots reveal that for GS1 the electron density is found on the bridging thiophene in both the HOMO and LUMO, unlike in our previous dye (reference 4 in the main text) where the electron density was either exclusively located on the bodipy motif or on the triphenylamine-thiophene moiety. 6 Figure S13 . Comparison of the calculated electron distirbutions of the frontier molecular orbitals of [CAD3] + , calculated using B3LYP (6-31G(d)) and CAM-B3LYP (6-31+G(d)) in dichloromethane using the polarisable continuum model (PCM) solvation model.
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Key differences:
 B3LYP 6-31G(d) underestimates the energy of the electronic transitions whereas CAM-B3LYP 6-31G+(d) overestimates these transitions (compared with the experimentally obtained UV-Vis absorption spectra).  For the two lower energy transitions (HOMO to LUMO and HOMO to LUMO +1), CAM-B3LYP calculated a small contribution from the HOMO -1 orbital to these transitions.  For the highest energy transition, B3LYP assigned this transition as HOMO -1 to LUMO while CAM-B3LYP assigned this as having contributions from four different transitions, with HOMO -2 to LUMO being the predominant contribution. Figure S16 . IPCE plots for NiO p-DSSCs sensitized with the dyes CAD3 (triangles), GS1 (circles) and P1 (diamonds) assembled with a platinised counter electrode and infiltrated with triiodide/iodide electrolyte. The wavelength limit of our current experimental setup is 700 nm. CAD3 still exhibits an IPCE of ~30% at this wavelength and from the absorption spectrum in Figure S7 we anticipate that the spectral response should extend to 800 nm. 
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